A best evidence topic in cardiac surgery was written according to a structured protocol. The question addressed was how many cardioversion attempts should be performed for patients who have gone into ventricular fibrillation post-cardiac surgery prior to performing chest reopening. Using the reported search, 1183 papers were identified. Fifteen papers represented the best evidence on the subject. The author, journal, date and country of publication, patient group studied, study type, relevant outcomes, results and study comments and weaknesses were tabulated. The quality and level of evidence was assessed using the International Liaison Committee of Resuscitation guideline recommendations. The most recent European Resuscitation Council guidelines suggest single attempts at cardioversion, spaced at 2-min intervals, for all patients going into ventricular fibrillation or pulseless ventricular tachycardia. Cardiac surgery presents a unique challenge for these guidelines in that emergency re-sternotomy may provide additional lifesaving interventions once it is deemed that external cardioversion is unlikely to succeed. The 15 papers identified demonstrated that the success of the first attempt at cardioversion for VFyVT was around 78%. The chance of the second shock succeeding was around 35%. The chance of a third shock succeeding was 14%. Very little data were found on the chance of further shocks succeeding. Of note none of these papers were in patients on the intensive care after cardiac surgery. We conclude that, due to the importance of minimising the delay to chest reopening, three shocks should be quickly delivered. If these do not succeed the chance of a 4th shock succeeding is likely to be -10% and, thus, immediate chest reopening should be performed. (This is a Class-IIa recommendation using ILCOR guideline recommendations.) ᮊ
Introduction
A best evidence topic was constructed according to a structured protocol, described in the ICVTS w1x. The quality of each study was assessed using the International Liaison Committee on Resuscitation (ILCOR) 2005 protocol w20x.
Clinical scenario
A 78-year-old patient has returned to your intensive care following a quadruple coronary arterial bypass graft. The operation note states that the targets were very small and there is some lateral ST segment elevation on the monitor. One hour post-surgery he suddenly goes into ventricular fibrillation. The nurses start to massage the patient. You place external pads on the patient and deliver a single 150 J biphasic shock which is unsuccessful. You start to charge for a second shock but the nurses who have just gone on a resuscitation update course recommence cardiac massage and tell you that he needs 2 min of massage. You are aware that a graft may be kinked or occluded or there may be a tamponade and, thus, do not want to delay reopening, but *Corresponding author. Tel.yfax: q44-780-1548122. E-mail address: joeldunning@doctors.org.uk (J. Dunning).
to not want to reopen after a single failed shock, and later resolve to look up how many shocks we should perform prior to reopening.
Three-part question
In wpatients who go into VF post-cardiac surgeryx, what is the success rate of each subsequent wdefibrillatory shockx to return wcardiac outputx?
Search strategy
Medline 1950 to August 2007 using OVID Interface. wexp cardiac surgical proceduresyOR exp thoracic surgical proceduresyOR exp thoracic surgeryyx AND wexp ventricular fibrillationyOR exp Tachycardia, Ventricularyx AND wexp Electric CountershockyOR Heart Arrest/OR exp Cardiopulmonary Resuscitationyx. Embase 1980 to August 2007 wexp Heart sugery/OR exp Thorax Surgeryx AND wexp heart ventricle Fibrillation/OR exp Heart Ventricle Tachycardia/x AND wexp heart arrest/OR exp resuscitation/OR exp cardioversion/x. All references searched from Section 2 and 3 of the European Resuscitation Council Guidelines for Resuscitation 2005 w2, 3x. Downloaded from https://academic.oup.com/icvts/article-abstract/6/6/799/648966 by guest on 09 February 2019 Cochrane Database of Systematic reviews was searched on 28th of August 2007 using the search term 'resuscitation' searched. Cochrane Controlled Trials register searched on 28th of August 2007 using the search term 'resuscitation'.
Search outcome
Four hundred and eighty-six abstracts were identified from Medline, 352 abstracts from Embase, 28 papers from the Cochrane database of systematic reviews and 155 from the Cochrane controlled trials register. There were 162 references in sections 2 and 3 of the ERC guidelines. From these studies, 15 represented the best evidence on the topic (Table 1) .
Comments
Current guidelines from the European Resuscitation Council w2, 3x state that 2 min should be left between attempts at cardioversion for patients who arrest and go into ventricular fibrillation or ventricular tachycardia (VFyVT). But in patients post-cardiac surgery, prompt chest reopening is known to improve outcomes, thus, waiting for 2 min between each shock may result in a delay that may impair outcome should cardioversion prove unsuccessful. Therefore, having a protocol for the number of attempts at defibrillation prior to reopening the chest is of paramount importance.
In eight studies w4, 5, 7-9, 11, 15, 17x, monophasic shocks were compared to biphasic shocks, and in all these papers, biphasic shocks were found to be more successful or equivalent to monophasic shocks at defibrillation. In five w4, 5, 7, 15, 17x of these comparative studies, the success at the first attempt at defibrillation was between 86 and 98%. In contrast, two of the studies w8, 9x showed relatively lower first shock success rates ranging from 16.7 to 22.9%. However, in one of the latter studies by Schwartz et al. w9x , intra-operative shocks were delivered during cardiac surgery on 91 patients, therefore, the first shock energy was lower at 2 J compared to the higher energies (100-150 J) used for the transthoracic delivery in the other studies.
Two animal studies were performed. Cammarata et al. w13x induced VF in 60 pigs, then delivered three sequential 150 J biphasic shocks. The first shock success was 80%, which steeply declined to 15% success for the second shock and further dropped to 5% for the third shock success. These results strongly suggest that a maximum of three shocks should be delivered to patients in VFyVT, as after this point, the chance of successful defibrillation is very small. The second study was by Nieman et al. w14x , who induced VF in 38 pigs, who either received three escalating monophasic shocks (200-300-360 J) or fixed biphasic shocks (150 J). Both shock waveforms displayed a similar reduction in shock success from first to third shocks. The first shock success was 50% for biphasic shocks, followed by 30% for second shock and 5% at third shock. The results of both papers suggest that the fourth shock success would be below 5%. These animal studies have the obvious limitation of involving pigs as the subjects, however, in combination (98 pigs) the similar pattern of reduction from first to third shock success indicates that proceeding to a fourth shock would not be beneficial to patients in VF.
Of course we must acknowledge the wide range of papers from which we obtained these data, including papers looking at ICDs, electrophysiological studies, all the way to outof-hospital arrests and animal studies and we must furthermore acknowledge that the success of a second shock after 2 min of CPR has not yet been reported in any paper that we found. However, when the data are combined from all 15 papers, although not all record the second and third shock success, the average success rate of sequential shocks declines from 77.6% for the first shock, 34.8% for the second shock and to 13.9% for third shock success. Data on fourth shock success was only recorded in one paper w9x. Overall, the data suggest that the likelihood of conversion from VFyVT to an organised rhythm declines dramatically from first to second shock, and declines further from second to third shock, which indicates that proceeding to reopening after the third shock is preferable due to the minimal chance of fourth shock success. Mackay et al. w19x reported the results of 79 chest reopenings over six years and found that the major determinant of survival was chest reopening within 10 min.
Clinical bottom line
We conclude that due to the importance of minimising the delay to chest reopening, three shocks should be quickly delivered. If these do not succeed the chance of a 4th shock succeeding is likely to be less than 10% and, thus, immediate chest reopening should be performed. (This is a Class-IIa recommendation using ILCOR guideline recommendations.) Without any doubt, the authors are right in their statement that more than three shocks are hardly effective in patients with ventricular fibrillation shortly after cardiac surgery w1x. However, I am not quite sure that this is the case when external cardiac massage (by hand and not by machines) is effective (patients on the Intensive Care Unit will mostly have an arterial pressure monitoring) and concomittant with the shocks a single dose of Amiodarone is applied.
In the Netherlands, and I suppose this is the case in other European countries, it is no longer common practice to have residents of the Cardiothoracic surgery department in the hospital during the night. Due to the regulations on working hours, the number of residents needed for around the clock service is huge. Because of this, it can take 10 to 15 min before somebody capable of reopening the chest has arrived at the Intensive Care Unit. In our case, we experienced some good results from a fourth or even fifth shock, Amiodarone and of course, effective cardiac massage.
I advise to add to the recommendation: While waiting for somebody capable of reopening the chest, external cardiac massage should be continued and after a single dose of 5 mg/kg body weight of Amiodarone, two more shocks can be tried. 
